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What is already known on this topic?
 ► Ninety-seven per cent of deaths from congenital 
anomalies occur in developing countries. Many of 
these deaths could be prevented with early diagno-
sis and intervention.
 ► Ultrasound machines are widely accessible and 
commonplace in high-income countries, but a num-
ber of factors limit the accessibility and effective-
ness of ultrasound in LMICs.
What this study hopes to add?
 ► To systematically investigate, for the first time, the 
availability and effectiveness of antenatal ultrasound 
in low-income and middle-income countries (LMICs) 
in order to elucidate disparities in congenital anom-
aly detection.
 ► To evaluate the effects of antenatal ultrasound on 
the morbidity and mortality rates of neonates with a 
structural congenital anomaly in LMICs.
AbstrACt
Introduction Congenital anomalies are the fifth leading 
cause of mortality in children under 5 years globally. The 
greatest burden is faced by those in developing countries, 
where over 95% of deaths occur. Many of these deaths 
may have been preventable through antenatal diagnosis 
and early intervention. This study aims to conduct a 
systematic review that investigates the use of antenatal 
ultrasound to diagnose congenital anomalies and improve 
the health outcomes of infants in low-income and middle-
income countries (LMICs).
Methods and analysis A systematic literature review 
will be conducted using three search strings: (1) structural 
congenital anomalies, (2) LMICs and (3) antenatal 
diagnosis. Four electronic databases will be searched: 
MEDLINE, Embase, PubMed and the Cochrane Library. 
Title, abstract and full-text screening will be undertaken in 
duplicate by two reviewers independently using Covidence. 
Consensus will be sought from the wider authorship 
for discrepancies. Data extraction will be undertaken 
by the principal investigator. The primary analysis will 
focus on the availability and effectiveness of antenatal 
ultrasound for structural congenital anomalies. Secondary 
outcomes will include neonatal morbidity and mortality, 
termination rates and referral rates for further antenatal 
care. Descriptive statistics and a narrative synthesis will be 
included in the final report. The methodological quality of 
the included studies will be evaluated using the Cochrane-
approved Risk of Bias for Non-Randomised Studies of 
Intervention and Risk of Bias in Randomised Trials V.2.0 
tools.
Ethics and dissemination Ethical approval is not 
required for conducting the systematic review as there will 
be no direct collection of data from individuals. The results 
will be submitted for publication in a scientific journal and 
presented internationally.
Conclusion This is the first study, to our knowledge, 
to systematically review current literature on the use 
of antenatal ultrasound for the detection of congenital 
anomalies in LMICs. This is vital to define current practice, 
highlight global disparities and evaluate effects on health 
outcomes for infants in low-resource settings.
PrOsPErO registration number CRD42019105620.
IntrOduCtIOn
Congenital anomalies represent 9% of the 
global burden of surgical disease and are one 
of the leading causes of infant morbidity and 
mortality globally.1–4 The burden of congen-
ital anomalies is much greater in low-income 
and middle-income countries (LMICs), 
comprising over 95% of deaths from these 
conditions.5 6 According to a report by the 
WHO, every year, approximately 303 000 
infants die within 4 weeks of birth due to 
congenital anomalies.7 However, this is likely 
an underestimation, as statistics are undoubt-
edly skewed from under-reporting, a lack of 
congenital anomaly registries and unreliable 
medical records in many LMICs.
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Structural congenital anomalies are physical deformi-
ties that occur during intrauterine development.7 These 
anomalies include, but are not limited to, gastrointestinal 
malformations, cleft lip and palate, heart defects, muscu-
loskeletal anomalies and neural tube defects.8 If detected 
early and provided appropriate surgical intervention 
following birth, many structural congenital anomalies can 
be corrected, avoiding preventable death or disability.7
Advancements in ultrasound technology have allowed 
for early detection of structural congenital anomalies, 
which allows mothers and physicians to plan for an 
appropriate place of delivery and surgical intervention 
after birth.9 In many cases, this can result in a significantly 
reduced risk of morbidity and mortality.10 While ultra-
sound machines are widely accessible and commonplace 
in high-income countries (HICs), a number of factors 
limit the access and effectiveness of antenatal ultrasound 
in LMICs.
This study aimed to systematically investigate, for the 
first time, the availability and effectiveness of antenatal 
ultrasound in the diagnosis of structural congenital 
anomalies in LMICs. Furthermore, it aimed to eval-
uate the effects of antenatal ultrasound on mortality 
and morbidity for neonates with a structural congen-
ital anomaly in LMICs. Such information is vital to help 
clarify the existing disparities in antenatal ultrasound 
provision and the potential benefits for improved health 
outcomes through the delivery of this service in low-re-
source settings.
MEthOds
Preferred reporting items for systematic reviews and 
meta-analyses protocols guidelines will be followed in 
conducting this systematic review11 12 (online supplemen-
tary file 1). If there are amendments to the protocol, they 
will be reported in the publication of the results.
Aim
The objective of this study was to conduct a systematic 
review that investigates the use of antenatal ultrasound 
to diagnose congenital anomalies and to improve the 
health outcomes of infants in LMICs.
Objectives
1. To systematically identify and describe studies that fo-
cus on the antenatal diagnosis of structural congenital 
anomalies in LMICs.
2. To evaluate the use and effectiveness of ultrasound 
machines in the antenatal diagnosis of structural con-
genital anomalies and to report the current practices 
and policies regarding congenital anomaly detection 
in LMICs.
3. To evaluate the effects of antenatal ultrasound on the 
morbidity and mortality rates of neonates with a struc-
tural congenital anomaly in LMICs.
4. To critique the methodological quality of the included 
articles.
Patient and public involvement
Given that this is a systematic literature review, there 
will be no patient or public involvement for the data 
collection and review of the literature. However, public 
involvement will be important for prioritising antenatal 
ultrasound on the political agenda. It will also be crucial 
for improving current antenatal healthcare programmes. 
Following the conclusion of this study, international 
parent/patient support groups and charities involving 
structural congenital anomalies will be approached to 
assist with the dissemination of the findings via their 
websites, social media, in-person meetings and other 
appropriate routes. A plain English summary of the find-
ings will be provided for this purpose.
search strategy
A search will be conducted using three search strings 
(table 1). Search string 1 will encompass structural 
congenital anomalies. Search string 2 will focus on the 
setting—LMICs. Finally, search string 3 will look at the 
antenatal diagnosis of structural congenital anomalies, 
particularly focusing on the use of ultrasound machines 
for detection. Boolean operators ‘and’ and ‘or’ will be 
used within the search to combine the search terms.
Further search will be conducted on the WHO website 
in order to get a more robust understanding of current 
programmes and policies in place for antenatal ultra-
sound. Researchers will initially search the following 
terms in the WHO Reproductive Health Library: ultra-
sound, ultrasonography, congenital anomalies, congen-
ital abnormalities, congenital anomaly, congenital 
abnormality, birth defect, antenatal detection, prenatal 
detection, antenatal diagnosis and prenatal diagnosis. 
These terms were chosen based on an initial screening 
performed by the researchers, which suggested that these 
terms provided optimum sensitivity for procuring all rele-
vant WHO literature for this review. Following the search 
of each term, the results will be expanded using a snow-
ball strategy in order to ensure the inclusion of all rele-
vant data. The terms that arise in the expanded search 
will be included in the final report.
Published literature search
Using the Ovid program, an electronic database search 
will be conducted on MEDLINE, Embase, PubMed, and 
the Cochrane Library using the aforementioned search 
strategy. These searches will be filtered to only include 
studies with human subjects. An example of the search in 
MEDLINE can be found in online supplementary file 2.
Inclusion/exclusion criteria
Only fetuses with a structural congenital anomaly as 
listed in search string 1 will be included. Studies focusing 
on non-structural congenital anomalies will be excluded. 
Furthermore, all studies must focus on participants from 
LMICs; research focusing on HICs will be excluded. 
Finally, studies that concentrate on antenatal diagnosis 
will be included, while studies focusing on postnatal 
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diagnosis will be excluded. Included studies will be 
limited to the English language.
study design
No filters will be applied to study types; thus, all forms of 
evidence-based research will be included. This includes, 
but is not limited to, systematic reviews and meta-anal-
yses, randomised controlled trials, prospective and retro-
spective cohort studies, case–control studies and case 
series/reports. Qualitative studies and WHO/govern-
ment policy documents and guidelines will be included 
to provide insight into the current practices regarding 
the provision of antenatal ultrasound and to help contex-
tualise the use of antenatal ultrasound in LMICs.
Methodological quality
To assess the methodological quality of the studies, 
the researchers will use the Cochrane Risk of Bias for 
Non-Randomised Studies of Intervention (ROBINS-I) 
and the revised tool to assess Risk of Bias in Randomised 
Trials (RoB) V.2.0.13 14 These tools are widely used for 
critically appraising study methodology. For the purposes 
of this study, these tools will be used as a means of quality 
assessment, rather than as an inclusion/exclusion deter-
minant. Two independent reviewers will score the articles 
according to the ROBINS-I and RoB V.2.0 criteria, and 
any discrepancies will be assessed by the research team 
until unanimity is reached.
study screening
References from the search results will be added to 
EndNote X8 and duplicates will be removed. The arti-
cles will then be uploaded to Covidence for the screening 
process. Two reviewers will screen the titles and abstracts 
in duplicate, removing any articles that do not meet the 
inclusion criteria. The remaining articles will be assessed 
by two reviewers independently in full text, and any 
remaining articles that do not adhere to the study criteria 
will be removed.
data extraction
Data extraction will be undertaken by the principal inves-
tigator. The following data will be extracted: place of study, 
study type, publication status, study population, patient 
cohort, gestational age at the time of diagnosis, type of 
anomaly, type of ultrasound, per cent receiving antenatal 
ultrasound, per cent with any anomaly detected, per cent 
with accurate antenatal diagnosis, reported sensitivity 
and specificity of antenatal ultrasound, training of ultra-
sound technician, referral rate for further antenatal care, 
referral rate to a tertiary paediatric surgery centre, termi-
nation rate, mortality rate and complications as per the 
Clavien-Dindo classification. The following data will be 
collected regarding antenatal ultrasound policies: date, 
country/region, governing body, population coverage, 
intervention(s) and outcomes as detailed previously.
data synthesis
Descriptive statistics and narrative synthesis will be 
used. The primary outcomes are the availability and 
effectiveness of ultrasound for the antenatal diagnosis of 
structural congenital anomalies in LMICs. The secondary 
outcomes are the effects of antenatal ultrasound diag-
nosis on neonatal morbidity and mortality, termination 
rates and referral rates for further antenatal care. Data 
will be presented according to the following categories: 
availability of antenatal ultrasound, effectiveness of ante-
natal ultrasound, training of personnel performing the 
ultrasound examination, secondary outcomes and ante-
natal ultrasound policies in LMICs. Information relating 
to the provision of antenatal ultrasound in isolation or as 
part of a perinatal care programme will be noted, as will 
any details regarding private/government provisions of 
such services.
Based on the authors’ experience, it is unlikely that a 
meta-analysis will be feasible due to limited availability of 
data. However, if there are appropriate data, a meta-anal-
ysis will be undertaken in duplicate by two independent 
authors and discrepancies will be resolved among the 
wider authorship. Appropriate data will be defined as two 
or more sufficiently homogeneous studies comparing 
morbidity and/or mortality between one group who has 
received antenatal ultrasound and another who has not. 
In addition, a meta-analysis may be undertaken if two or 
more studies have compared an intervention to improve 
antenatal ultrasound coverage or detection rates in a 
population. Meta-analysis will be undertaken in Stata 16 
and results will be presented using a forest plot. If there 
are over 10 studies in the meta-analysis, a funnel plot will 
be undertaken to assess publication bias and a Galbraith 
plot will be used to investigate heterogeneity in effect 
sizes. The quality of evidence will be assessed following 
grading of recommendations, assessment, development 
and evaluations (GRADE) guidelines.
Limitations
It is beyond the feasibility of this study to include arti-
cles in languages other than English. The researchers 
acknowledge this is a limitation. In order to aid inter-
pretation of the systematic review findings, the number 
of studies included and excluded due to non-English 
language will be reported and depicted geographically 
in the final report.
Furthermore, it is important to note that antenatal 
ultrasound has further diagnostic capabilities, such as 
detecting abnormal growth or improper placental posi-
tion. This systematic review will only focus on the detec-
tion of structural congenital anomalies; however, it may 
be prudent to consider other uses of antenatal ultrasound 
in further investigations.
dIsCussIOn
The discrepancy in mortality due to congenital anom-
alies between HICs and LMICs is quite substantial. For 
instance, the survival rate for infants with gastroschisis 
in HICs is above 95%, while in many LMICs, there are 
few survivors of the condition.10 This study aims to 
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investigate the use of antenatal ultrasound to diagnose 
congenital anomalies in LMICs. Further, this study will 
examine the current policies and programmes in place 
for antenatal ultrasound. Gaining a better understanding 
of the current policies and practices that increase the 
antenatal diagnosis of structural congenital anomalies 
may help to determine the most effective standards of 
practice. Increasing the early diagnosis of structural 
congenital anomalies may help to reduce the morbidity 
and mortality rates of congenital anomalies in LMICs. 
Many complications that arise from certain structural 
congenital anomalies could be avoided if the condition 
is detected antenatally and steps are taken to ensure safe 
delivery, such as planning the birth at a tertiary health-
care facility. This study may provide crucial informa-
tion regarding the effects of antenatal ultrasound on 
morbidity and mortality rates from congenital anomalies 
in LMICs. This in turn can inform future studies aimed at 
improving availability and quality of antenatal ultrasound 
in LMICs to ultimately improve the health outcomes of 
infants born with these conditions.
Ethics and dissemination
The researchers of this study will be conducting a 
secondary analysis. No new data will be collected and 
there will be no direct interaction with participants. 
Therefore, it is not necessary to acquire ethical approval 
prior to conducting this review. Following data collection 
and analysis, the results will be submitted to a peer-re-
viewed scientific journal for publication. The results will 
also be shared in conferences pertaining to infant health, 
global health and global surgery.
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